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Human exposure to mercury through fish consumption from local waterways is an 
ongoing concern to regulatory decision makers. A dynamic bioaccumulation model, 
calibrated to sites in Kentucky, was combined with a population model to analyze the 
impact of potential policies on susceptible populations. The combined model simulated 
the problem of mercury exposure by examining the system from the point of mercury in 
the water column to its concentration in population biomarkers. Policy scenarios were 
evaluated to determine how effective they were in protecting human health from the 
viewpoint of state level policies, particularly for Kentucky. These policies included 
watershed management strategies, reductions in loading, and the protectiveness of fish 
consumption advisories.  The decision making process of setting a fish consumption 
advisory was examined in more detail.  
Basin characteristics combined with the unique pattern of intake rates of susceptible 
populations determined the risk associated with fish consumption from a given waterway. 
Each population had a unique pattern of biomarker response to changes in fish tissue 
mercury. All three examined scenarios resulted in reduced risk to susceptible populations. 
Watershed management strategies that lowered bioaccumulation rates also reduced 
ecosystem services, making this strategy undesirable. Reducing fish tissue contamination 
through reductions in mercury loading to watersheds is an effective long-term solution 
but fails to protect consumers over the short-term. In Kentucky, loading occurs primarily 
through atmospheric deposition, often from sources outside the state. Policies reducing 
loading would be more effective at the federal level. For the short-term, fish consumption 
advisories to protect populations from adverse exposures is the most effective strategy. 
The combination of characteristics of the basin and the populations that fish from the 
waterway should be the determinant for Kentucky issuing these advisories. 
50 
 
NOTES 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
51 
 
ASIAN CARP IN KENTUCKY WATERS:  AN ECOLOGICAL DISASTER? 
Ron Brooks, Fisheries Division Director 
Kentucky Department of Fish and Wildlife Resources 
#1 Sportsman Lane, Frankfort, KY 40601 
(502) 564-7109 X4466 
ron.brooks@ky.gov 
 
Asian carp refers to several species of fish brought from Asia to the United States in the 
1970’s to address aquatic vegetation issues and elevated nutrient conditions that persist in 
aquaculture ponds and tertiary municipal, wastewater treatment ponds. Within months 
after their initial stockings, the carps escaped into the Mississippi River were they are 
reproducing in large numbers and creating havoc for recreational boaters and aquatic 
ecosystems. Of the four species (bighead, silver, black, and grass carp) established in the 
Mississippi River basin, silver and bighead are causing the most problems. In Kentucky, 
silver carp are thriving well into the lower Ohio River, but they only recently managed to 
move up through the Falls-of-the-Ohio in Louisville. Bighead carp inhabit Kentucky’s 
entire portion of the Ohio River and into West Virginia’s portion of the Greenup Pool. 
Neither carp species is known to reproduce above Louisville. Every significant tributary 
and backwater habitat connected to the Ohio and the Mississippi Rivers also have Asian 
carp. Silver carp feed on phytoplankton and minute algae, can leap over ten feet in the 
air, and grow to over 70 pounds. Bighead carp feed on zooplankton and grow to over 110 
pounds. Together, the two species forage on the very base of the aquatic food chain, and 
they consume over 20% of their body weight daily. Their voracious appetites and ability 
to reproduce in large numbers make them especially threatening to every aquatic 
ecosystem in which they have become established. This presentation will provide 
information concerning the life history of Asian carp in Kentucky, issues that the two 
species pose to our water resources, current activities to prevent intentional or 
unintentional movement of live Asian carp into new water bodies, and methods that may 
someday control their numbers or eradicate the fish where possible.  
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EFFECTS OF STREAMBED SEDIMENTS ON THE FATE OF SELENIUM IN 
EASTERN KENTUCKY WATERSHEDS CONTAMINATED WITH SURFACE 
COAL MINING OPERATIONS 
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Yi-Tin Wang, Professor 
 
Department of Civil Engineering, University of Kentucky 
859-257-5937 
ywang@uky.edu 
 
 
Selenium is found naturally in the earth’s crust.  The main natural sources of  
selenium in the environment are the weathering of rocks, soils, and minerals, as well as 
volcanic activity.  Anthropogenic sources of selenium are wide spread including 
electronic and photography, glass manufacturing, pigments, additives for metal 
processing, copper refining operations, fossil fuel combustion, petroleum refining, and 
agricultural drainage waters in the Western United States.    In Eastern Kentucky, 
surface-mining operations in Appalachian coal regions have been identified as the major 
cause of selenium contamination in water and fish, due to the prevalence of selenium in 
overburden soils exposed during mining activities.  
 
      Exposure to very high levels of selenium can cause dizziness, fatigue, irritation, 
collection of fluid in the lungs, and severe bronchitis.  The U.S.EPA has set the 
maximum contaminant level for selenium in drinking water at 0.05 mg/L to protect the 
public. 
 
 A selenium-reducing bacterial species was isolated and its ability to reduce 
soluble selenium (Se (IV) and Se (VI)) to insoluble form (Seo) in the aqueous phase was 
examined.  Of nine sediment samples taken from an Eastern Kentucky watershed, two 
produced results indicative of the existence of selenium-reducing bacterial species.  Of 
these two, one was selected for further screening and resulted in the isolation and 
identification of strain FS-2.  Preliminary studies were performed to evaluate the effects 
of the growth media on selenium reduction, and the optimal concentration of pH buffer.  
The optimum temperature for cell growth was determined, and a colorimetric analysis 
method for determining selenium concentrations in the aqueous phase was examined.  
Control experiments showed that the basal salt growth medium did not reduce selenium.  
The optimum pH buffer concentration was determined to be 0.3 g/L of both potassium 
phosphate monobasic and potassium phosphate dibasic.  ICP-OES analysis of a batch 
culture verified the ability of strain FS-2 to transform selenate and selenite to elemental 
selenium.   The optimum temperature for growth was found to be 30°C.   
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THERMAL DEPENDENCE OF SOLVATION GEOMETRIES  
IN AQUEOUS NITRATE ION SOLUTIONS 
 
Matthew J. Nee 
Department of Chemistry 
1906 College Heights Blvd. 
Western Kentucky University 
Bowling Green, KY 42101 
(270) 745-0114 
matthew.nee@wku.edu 
 
The photolysis of aqueous nitrate ion (NO3-) in the natural environment (as in marine and 
riparian settings) has been shown to produce a variety of compounds which are 
considered either human health hazards or are potentially environmentally dangerous. 
These include the nitrogen oxides (NOx = NO + NO2) and ozone (O3). To properly model 
the impact that nitrate photolysis has on climate change and atmospheric composition, a 
full set of kinetic data (rate constants, mechanisms, and branching ratios) must be known 
for the complex network of reactions which terminate in the production of NOx and O3. 
The laboratory experiments performed here represent one aspect of the information 
which could assist the proper modeling of the Earth’s atmosphere. We have found that 
we are able to observe a temperature dependence to the split peaks in the infrared 
spectrum of nitrate ion. This information gives fundamental insight into the energetic 
origin of the two peaks, and allows us to explore symmetry breaking in nitrate ion as we 
search for other means of exploring the kinetics following its photolysis. Using our HP 
Spectrum One Fourier transform infrared spectrometer, vibrational spectra of aqueous 
nitrate ion solutions of many different concentrations and ionic strengths were collected 
at a range of temperatures. Samples were sealed between two sapphire windows in a 
custom-built, temperature-controlled sample cell holder. Sapphire is needed because it is 
resistant to degradation by water and also passes ultraviolet radiation, which will be 
essential for future photolysis projects. Normally, aqueous spectra cannot be well 
monitored with infrared spectroscopy because of the large signals due to water 
absorption. However, NO3- has its primary infrared signal (asymmetric stretching mode) 
in the range from 1200 to 1500 cm-1, which is completely clear of any water absorption. 
It is well established that the spectral line shape is well described by two Gaussian peaks 
corresponding to different molecular geometries of nitrate which exist in solution. 
Because these two geometries arise as a result of the electrostatic forces between nitrate 
ion and water molecules, our hypothesis was that, as the ionic strength was adjusted, the 
change in local electric fields would alter the relative amounts of the two geometries 
observed. We have shown that the relative intensities of the different solvent geometries 
do change as a function of temperature. This behavior is shown in Figure 1. As the 
temperature increases, the peak at high frequency increases as the peak at low frequency 
decreases in area. This implies that, as more thermal energy is available to the system, the 
solvation geometry having the higher frequency becomes more accessible. The spectrum 
at each temperature is fit to two Gaussian peakshapes, one for each solvation geometry. 
The areas are treated as effective concentrations for the two geometries representing the 
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equilibrium probability of finding a 
particular nitrate ion in one geometry or 
the other. With this assumption, the ratio 
of areas translates to an equilibrium 
constant, Keq, which means that changes 
in enthalpy (ΔrH°) and entropy (ΔrS°) 
upon conversion between the two 
geometries can be calculated according to 
the van’t Hoff equation,  
ln r req
H SK
RT R
∆ ° ∆ °= − +   (1), 
where R is the universal gas constant 
(8.314 J mol-1 K-1) and T is the 
temperature at which a particular 
spectrum was collected. Plots are shown 
in Figure 1 for both pure nitrate ion and 
nitrate ion in the presence of additional 
ions in solution. The effect of ionic 
strength is to change the sign of the slope 
of the plot, which indicates that, at a 
certain ion concentration, the identity of 
the most stable geometry changes.  
As we continue this work, we will 
characterize this phenomenon in greater 
detail. If a clean connection between ionic 
strength and vibrational spectrum can be 
identified, it can be exploited as a means 
of monitoring kinetics in aqueous 
solutions: the appearance of different 
ionic products could be revealed by a 
change in the spectral lineshape of nitrate 
ion or other symmetry-breaking species. 
This would enable fast monitoring of 
reactions of environmental interest, 
ranging from the generation of toxic gases 
like NO and O3 to the treatment of waste 
water, all of which will improve the 
quality of Kentucky’s water resources. 
 
Figure 1. Top: FTIR spectra of 0.5-M 
KNO3 solutions at various temperatures 
shift favor lower frequencies at higher 
temperatures. Middle: van’t Hoff plot 
using the peak area ratios for Keq. From 
Eq. 1, the slope and intercept reveal the 
thermodynamics of the conversion 
reaction. Bottom: for higher ionic strength 
solutions, the trend with temperature 
reverses. 
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Agricultural pesticide contamination is ubiquitous in freshwater habitats and predicting 
the fate of these chemicals in natural communities is an important goal for ecologists. 
Atrazine is a common herbicide found in freshwater habitats worldwide with numerous 
negative effects on aquatic wildlife. Typical concentrations are relatively low (~100 ppb), 
yet have the ability to impair wildlife behavior, physiology, and fitness traits. Recent 
research indicates that these effects are often magnified in the context of other 
community interactions. Because invertebrates are a keystone species in aquatic habitats 
we sought to determine how sublethal concentrations of atrazine (80 ppb) and predator 
cues (Anax junius) affect larval dragonflies (Ladona deplanata) throughout development. 
We used a split-plot experimental design with aquatic mesocosms to test the interaction 
of these stressors over a six-week period. We examined the effects of both stressors on 
immune parameters, growth, and fat storage, phenotypically plastic traits that have fitness 
implications for adult dragonflies. Preliminary analyses using two-way ANOVAs 
indicate that both treatment effects on larvae were evident after two weeks of exposure 
with predator cues affecting growth and immune parameters over the entire six weeks. 
After two weeks of exposure, there was a significant treatment interaction on immune 
parameters, however by the end of the six-week period, treatment effects depended on the 
specific immune response measured. The effect of predator presence on hemocyte 
numbers persisted throughout the experiment, as did the effect of atrazine on 
phenoloxidase (PO) activity. The results of our study indicate that sublethal atrazine 
exposure affects immune function in larval dragonflies with implications for parasite 
resistance and the potential for tradeoffs between growth and immune investment. In the 
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context of a natural community, sublethal herbicide exposure may be intensifying the 
effects of predators with implications for survival to metamorphosis and adult fitness. 
This study highlights the importance of conducting long-term exposure experiments of 
multiple stressors, in detecting differences in the sublethal effects of contaminants on 
aquatic invertebrates. 
 
